Purpose. To compare early versus late flap coverage for open tibial fractures. Methods. Medical records of 83 men and 6 women (mean age, 38 years) who underwent fixation for open tibial fractures (Gustilo grades IIIB and IIIC) followed by flap coverage within (n=30) or after (n=59) 72 hours were reviewed. All fractures were treated within 24 hours. Outcome measures included bone union, infection, flap failure, the need for secondary procedures to achieve union, and eventual amputation. The early and late flap coverage groups were compared. Results. Early flap coverage was associated with shorter length of hospitalisation (31.4 vs. 55.8 days, p<0.01), lower deep infection rates (23% vs. 54%, p<0.01), and smaller number of surgical procedures (6.4 vs. 9.2, p=0.01). The 2 groups did not differ significantly in terms of the time to bone union, flap failure, amputation, and the need of secondary procedures to facilitate bone union. Surgery 2014;22(3):294-8 with more favourable outcomes in terms of length of hospitalisation and infection.
introduction
Less-severe open tibial fractures (Gustilo grades I to IIIA) can be successfully treated with early wound debridement, internal fixation, and wound closure, whereas Gustilo grade IIIB and IIIC fractures require complex soft-tissue coverage, 1, 2 and are associated with higher rates of infection, non-union, eventual amputation, prolonged hospitalisation, time lost from work, and drain on financial resources.
1,2 Latest treatment guidelines advocate early soft-tissue cover and fracture fixation within 72 hours 3, 4 ; some even recommend a radical single-stage 'fix and flap' approach. 5, 6 In our unit, fracture fixation is performed by orthopaedic surgeons, and flap coverage by reconstructive microsurgeons. This study compared early versus late flap coverage for open tibial fractures in terms of bone union, infection, flap survival, and eventual amputation.
MATERIALS AND METHODS
This study was approved by our institutional review board. Medical records of 83 men and 6 women (mean age, 38 years) who underwent fixation for open tibial fractures (Gustilo grades IIIB and IIIC) followed by flap coverage within (n=30) or after (n=59) 72 hours between April 2000 and April 2009 were reviewed. The injury mechanisms included motor vehicle accidents (n=63), direct crushing (n=22), and fall from a height (n=4). The fracture sites involved the proximal (n=13), middle (n=47), distal (n=26), and segmental (n=3) tibia. Fractures were treated within 6 hours (n=67) or between 6 and 24 hours (n=22). Baseline characteristics of the early and late flap coverage groups were comparable, except that more patients in the late flap coverage group had other orthopaedic injuries (49% vs. 17%, p=0.003, Chi-squared test).
Patients were evaluated by a multidisciplinary team comprising physicians, orthopaedic surgeons, anaesthesiologists, general surgeons, and neurosurgeons. Broad-spectrum intravenous antibiotics and tetanus prophylaxis were administered. After resuscitation and debridement, 11 patients in the early flap coverage group were suitable for the 'fix and flap' approach. The remaining patients underwent staged procedures for initial external fixation, definitive fixation, and flap coverage. Negative pressure dressings were commonly used. Vascular deficits were repaired or reconstructed with vein grafts. Two patients with compartment syndrome underwent emergency fasciotomy; one patient underwent prophylactic fasciotomy. In cases with critical bone loss, a temporary gentamicinimpregnated cement cylindrical spacer was used. In cases with staged flap coverage, particularly when a free tissue transfer was indicated, angiography was performed for preoperative planning. The decision regarding the timing of flap coverage was made by the attending surgeon based on the general condition of the patient, co-existing injuries, extent of contamination, and suitability of the wound bed.
Outcome measures included infection, bone union, flap failure, the need for secondary procedures to achieve union, and eventual amputation. Superficial infection was defined as cellulitis or presence of serous discharge from the wound or pin tracks that resolved with oral antibiotic therapy and dressings. Deep infection was defined as soft-tissue or bone infection requiring surgical debridement, intravenous antibiotics, and/or removal of implants. Bone union was defined as the ability to bear weight without pain with evidence of callus bridging at ≥3 cortices on radiographs. Flap failure was defined as any flap with tissue necrosis secondary to microvascular thrombosis, ischaemia, and/or infection. Secondary surgery to facilitate union involved bone grafting, bone transport, dynamisation of intramedullary nail, and/or exchange of nail. Above-or below-knee amputation was performed for persistent infection, chronic pain, or non-functional or insensate limbs.
The early and late flap coverage groups were compared. Continuous variables were compared using the Student's t tests. Categorical variables were compared using the Chi-square test or Fisher's exact test. Bone union was presented as hazard ratios (HR) with 95% confidence intervals (CI) using Cox proportional hazard analyses, stratified by age, sex, presence of comorbidities, and method of definitive fixation. Cumulative hazard function for bone union was estimated using the Kaplan-Meier method. A p value of <0.05 was considered statistically significant.
results
Respectively in the early and late flap coverage groups, 37% and 9% of patients were initially treated with intramedullary nailing or open reduction and internal fixation with plate, whereas 63% and 90% of patients were initially treated with external fixation (including frame/ring fixator) [p<0.01, Table 1 ]. The corresponding percentages of patients undergoing definitive treatment were 83% and 41%, and 17% and 56% (p<0.01, Table 1 ).
Respectively in the early and late flap coverage groups, free tissue transfers were used in 30% and 51% of patients, and local flaps were used in 70% and 49% of patients (p=0.16, Table 1 ). For free tissue transfers, 6 and 16 gracilis flaps, 2 and 13 latissimus dorsi flaps, one and 0 radial forearm flap, and 0 and one anterolateral thigh flap were used, respectively. For local flaps, none was reverse flow.
The early flap coverage group was associated with shorter length of hospitalisation (31.4±37.6 vs. 55.8±41.2 days, p<0.01) and smaller number of operations (6.4±4.4 vs. 9.2±4.8, p=0.01) [ Table 1 ]. The time to bone union between groups was comparable (Fig.) , as was after adjusting for age, sex, presence of comorbidities, and method of definitive fixation (HR=1.21, 95% CI, 0.71-2.08).
Respectively in the early and late flap coverage groups, 14 and 25 patients required secondary procedures to achieve bone union (p=0. Respectively in the early and late flap coverage groups, one and 5 patients had superficial infection, whereas 7 and 32 patients had deep infection, in whom 0 and 4 patients (3 grade IIIB and 1 grade IIIC) underwent amputation for persistent infection. The early flap coverage group was associated with lower infection rate (27% vs. 63%, p<0.01) but higher flap failure rate (20% vs. 9%, p=0.28) [ Table 1 ]. All flap failures were associated with deep infection (Table 2) .
discussion
The treatment protocol for Gustilo grade-IIIB and -IIIC open tibial fractures in our hospital comprised prompt debridement, fixation, and flap coverage for suitable patients as feasible, which is consistent with that in the British Orthopaedic Association guidelines. 7 Our results were comparable with those in other studies. [8] [9] [10] [11] Gustilo grade-IIIB and -IIIC open tibial fractures are associated with higher rates of complications such as osteomyelitis, non-union, deep infection, flap failure, and amputation. 12 After controlling for severity of injury, local flaps have about 4 times higher risk of wound complication than free flaps. 9 In our study, 7 (18%) of 39 free flaps and 4 (8%) of 50 local flaps failed; the choice of flap was based on the level of soft-tissue defects: local flaps were used for middle and proximal fractures, and free flaps for distal fractures.
Timing for soft-tissue coverage in open tibial fractures is controversial. Some advocate early flap coverage, 3, 13 whereas others advocate delayed wound closure.
14 With the use of negative pressure dressings, flap coverage can be delayed for up to one week, 15, 16 until wound cultures are negative after multiple debridements. 17 For Gustilo grade-IIIB fractures, soft-tissue coverage within (versus after) one week resulted in lower rates of infection (8% vs. 59%) and non-union (23% vs. 77%). 18 Infection rates were lower in the early than late flap coverage group (4% vs. 50%). 19 In Gustilo grade-IIIB and -IIIC open tibial fractures treated with single-stage 'fix and flap' procedures, the flap failure rate was 3.5% and the deep infection rate was 9.5%. 5 Immediate skin closure for Gustilo grade-IIIA and -IIIB open tibial fractures achieved good results. 20 Patients with severe open tibial fractures tend to have multiple injuries. 21 Haemodynamically unstable patients are unable to withstand the long operation required for immediate 'fix and flap' procedures. In our study, early flap coverage was associated with significantly lower infection rates and shorter hospital stays, but it was not associated with bone union time, and rates of flap failure and amputation. Flap failure was more common in the early coverage group, although none resulted in amputation. Thus, thorough (or even serial) wound debridement, use of negative pressure dressings, and earliest possible definitive fixation and flap coverage are suggested.
In a meta-analysis, the deep infection rates for Gustilo grade-IIIB and -IIIC fractures were 12.3% (range, 9.4%-15.1%) and 16.1% (range, 10.2%-22%), respectively. 8 In grade-IIIB fractures, external fixation resulted in lower rates of osteomyelitis (11% vs. 25%) and infection (6% vs. 25%) than intramedullary nailing. 11 In addition, 44% of infections in open tibial fractures were due to hospital-acquired organisms. 22 Prolonged exposure of the wound bed to the hospital environment was a postulated mechanism; early soft-tissue coverage was thus supported. 22 In 18 Gustilo grade-IIIC fractures, 15 were salvaged (4 of them required secondary procedures to achieve bone union) and 3 were amputated. 10 Neither limb salvage nor amputation was proven to be superior in terms of medical and socioeconomic sequelae. 10, 11, 23 Limitations of this study included retrospective design, selection bias, and surgeon performance bias. Factors affecting the decision to perform early or late flap coverage were not known. The definition of Gustilo grade-IIIB fractures is not as specific as described in newer classifications, 24, 25 but it remains the most commonly used classification. The relatively small cohort of patients in the early flap coverage group may have been underpowered to detect differences in clinically important outcomes. More patients in the late flap coverage group (49% vs. 17%) with other orthopaedic injuries may have confounded the length of hospital stay. In addition, functional outcomes, patient preferences, and costs were not compared.
conclusion
In severe open tibial fractures, early soft-tissue coverage (within 72 hours) was associated with more favourable outcomes in terms of length of hospitalisation and infection.
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